1 H NMR and 100 MHz for 13 C NMR) spectrometer. CDCl 3 was used as the solvent for NMR measurement.
Chemical shifts ( ) are expressed in part per million and internally referenced (0.00 ppm for tetramethylsilane for 1 H NMR and 77.0 ppm for CDCl 3 ). Mass spectra (EI) were taken on a JEOL JMS Q1000GC Mk II Quad GC/MS.
The Hitachi HD-2000 STEM, ULVAC-PHI PHI QuanteraSXM, and Shimadzu ICPS-8100 were used for the scanning transmission electron microscope (STEM) analysis, X-ray photoelectron spectroscopy (XPS), and inductively coupled plasma-atomic emission spectroscopy (ICP-AES), respectively. All products are known compounds, and their 1 H and 13 C NMR spectra were identical with those in the literature.
Preparation of 7% Pd/WA30 (Scheme 1)
A and MeOH (20 mL × 5), then dried under vacuum for 12 h to produce the Pd/WA30 (3.43 g). The filtrate was concentrated in vacuo and then transferred to a 100 mL volumetric flask with H 2 O. Its atomic absorption analysis indicated that 0.12 ppm (12 g) of the palladium species was present. The palladium amount, which was not captured on WA30, was found to be 190 g (178 + 12 g), which means that the palladium ratio of Pd/WA30 was 6.6% [(226-0.19 )/3430 × 100].
Typical procedure for the 7% Pd/WA30-catalyzed Suzuki-Miyaura reaction between aryl chlorides and arylboronic acids (Table 2 and Scheme 2)
In the test tube were placed 7% Pd/WA30 (19.0 mg, 12.5 mol), the aryl chloride (250 mol), the arylboronic acid (375 mol), Cs 2 CO 3 (163 mg, 500 mol) and DMA (1 mL). The mixture was stirred at 80 °C under an Ar atmosphere. The reaction progress was monitored by TLC analysis (hexane/EtOAc, 5:1). When the reaction was completed within 24 h, the mixture was cooled to rt, diluted with Et 2 O (5 mL), and passed through a cotton filter.
The catalyst on the filter was washed with Et 2 O (15 mL × 2) and H 2 O (10 mL × 3). The combined filtrates were separated into two layers. The aqueous layer was extracted with Et 2 O (20 mL), and the combined organic layers were washed with H 2 O (20 mL × 4) and brine (20 mL), dried over Na 2 SO 4 , filtered, and concentrated in vacuo. To the residue was added CDCl 3 (ca. 1 mL) and 1,4-dioxane (8.53 L, 100 mol). After the determination of the reaction yield by 1 H NMR, the product was purified by silicagel column chlomatography using hexane-EtOAc (10:1) as eluents to give the corresponding biaryl. When the reaction was incomplete after 24 h, the reaction mixture was treated in the same manner as described above.
mmol-sacle reaction between 4'-chloroacetophenone and phenylboronic acid
In the 50-mL round bottom-flask were placed 7% Pd/WA30 (285 mg, 188 mol), 4'-chloroacetophenone (589 mg, 
XPS of recovered 7% Pd/WA30 after the reaction
After the reaction, the ratio of amount of Pd(0) to Pd(II) increased.
STEM image of recovered 7% Pd/WA30
The size and distribution of Pd species were virtually the same as those before the reaction.
Reuse test of 9% Pd/WA30
Eight test tubes were prepared, and 7% Pd/WA30 (19.0 mg, 12.5 mol), the 4'-chloroacetophenone (32.5 L, 250 mol), phenylboronic acid (45.7 mg, 375 mol), Cs 2 CO 3 (163 mg, 500 mol) and DMA (1 mL) were placed in each tube. The mixture in each test tube was stirred at 80 °C under an Ar atmosphere (balloon) for 9 h, then all the mixtures were filtered using a Kiriyama funnel (1 μm filter paper). The catalyst on the filter was washed with Et 2 O (10 mL × 4) and H 2 O (10 mL × 6). The combined filtrates were separated into two layers. The aqueous layer was [a] The yield was determined by 1 H NMR analysis using 1,4-dioxane as an internal standard.
Time-course study of the cross-coupling in the filtrate after removal of 7% Pd/WA30 by hot filtration
Standard run: Four test tubes were prepared, and the cross-coupling of 4'-chloroacetophenone (38.6 mg, 250 mol) with phenylbronic acid (45.7 mg, 375 mol) under Ar atmosphere was carried out using Cs 2 CO 3 (163 mg, 500 mol) and 7% Pd/WA30 (19.0 mg, 12.5 mol) in DMA (1 mL) at 80 °C in each test tube. The reaction mixture was treated after 1 h, 2 h, 3.5 h, or 6 h, according to the general procedure for the 7% Pd/WA30-catalyzed Suzuki-Miyaura reaction. Et 2 O extracts of each reaction mixture were concentrated in vacuo, and yield of 4-acetylbiphenyl was determined by 1 H NMR using 1,4-dioxane (8.53 L, 100 mol) as an internal standard (10%, 71%, 93%, and 100% after 1 h, 2 h, 3.5 h, and 6 h, respectively).
Hot filtration: Three test tubes were prepared, and the cross-coupling of 4'-chloroacetophenone (77.3 mg, 500 mol) with phenylbronic acid (91.4 mg, 750 mol) under Ar atmosphere was carried out using Cs 2 CO 3 (326 mg, 1.00 mmol) and 7% Pd/WA30 (38.0 mg, 25.0 mol) in DMA (2 mL) at 80 °C in each test tube. After 1 h, 1 mL of each reaction mixture in the three test tubes was filtered using a 0.45-m Millipore membrane filter without cooling.
Each filtrate was heated again at 80 °C for 1 h, 2.5 h, or 5 h, then H 2 O (10 mL) was added. The aqueous layer was extracted with Et 2 O (15 mL × 2), and combined organic layers were washed with H 2 O (10 mL × 3) and brine (10 mL), dried over Na 2 SO 4 , filtered, and concentrated in vacuo. The yields of 4-acetylbiphenyl after reheating for 1 h, 2.5 h, and 5 h were determined using the same procedure for the standard run (27%, 34%, and 41%, respectively).
Unreduced 7% Pd/WA30-catalyzed Suzuki-Miyaura reaction between 4'-chloroacetophenone and phenylboronic acid
According to the above-mentioned typical procedure, the reaction was carried out using 7% Pd/WA30, which was prepared without the reduction process by NH 2 NH 2 ·H 2 O after immersing DIAION WA30 in a solution of Pd (OAc) 2 in EtOAc. The yield of 4-acetylbiphenyl after 6 h was determined to be 97% by 10% Pd/HP20, which was prepared by the immobilization of palladium (0) on synthetic adsorbent, DIAION HP20, was also treated in the same manner as 7% Pd/WA30. The weight of swelled 10% Pd/HP20 was 353 mg. 128.9, 128.3, 126.6, 114.4, 55.3, 26.6 4, 141.5, 135.4, 134.3, 130.3, 130.2, 129.9, 126.9, 125.7, 113.4, 55.2, 20.5; MS (EI) 7, 145.7, 138.2, 136.9, 135.6, 129.6, 128.9, 127.0, 126.9, 26.6, 21 (Table 1, entry 14 and Table 2 
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